Abstract Identifying and quantifying the key anthropogenic nutrient input sources are essential to adopting management measures that can target input for maximum effect in controlling the phytoplankton biomass. In this study, three systems characterized by distinctive main nutrient sources were sampled along a Mediterranean coast transect. These sources were groundwater discharge in the Ahuir area, the Serpis river discharge in the Venecia area, and a submarine wastewater outfall 1,900 m from the coast. The study area includes factors considered important in determining a coastal area as a sensitive area: it has significant nutrient sources, tourism is a major source of income in the region, and it includes an area of high water residence time (Venecia area) which is affected by the harbor facilities and by wastewater discharges. We found that in the Ahuir and the submarine wastewater outfall areas, the effects of freshwater inputs were reduced because of a greater water exchange with the oligotrophic Mediterranean waters. On the other hand, in the Venecia area, the highest levels of nutrient concentration and phytoplankton biomass were attributed to the greatest water residence time. In this enclosed area, harmful dinoflagellates were detected (Alexandrium sp. and Dinophysis caudata). If the planned enlargement of the Gandia Harbor proceeds, it may increase the vulnerability of this system and provide the proper conditions of confinement for the dinoflagellate blooms' development. Management measures should first target phosphorus inputs as this is the most potential-limiting nutrient in the Venecia area and comes from a point source that is easier to control. Finally, we recommend that harbor environmental management plans include regular monitoring of water quality in adjacent waters to identify adverse phytoplankton community changes.
Introduction
Estuaries and coastal areas are ecosystems of high natural and socio-economic value that are at high risk of suffering the negative impact of human activities (Angelidis and Kamizoulis 2005) . One of the main reasons for this risk is the high load of nutrients that they receive from terrestrial origin, either from point (e.g., submarine wastewater outfalls) or diffuse sources (e.g., atmospheric, leaching from surrounding land) (Paerl 2006) . Nutrient inputs in adequate proportions and quantities are essential for primary producers. However, excessive anthropogenic nutrient inputs can lead to undesirable effects associated with eutrophication, including harmful algal blooms (HABs), and alterations in the natural composition of the phytoplankton community which may, in turn, change the ecosystem food webs and nutrient cycling dynamics (Paerl and others 2010) .
Nevertheless, regardless of the high anthropogenic nutrient loading into coastal systems, phytoplankton biomass may be limited by a specific nutrient due to an alteration in the available N:P:Si nutrient ratios. As Smith and others (1999) pointed out, ''the concept of nutrient limitation is the keystone of eutrophication research'' and as important as element loading rates and concentrations. Identifying and quantifying the key anthropogenic nutrient input sources is essential to adopting management measures that can target input for maximum effect.
Eutrophication has been described as one of the greatest contemporary threats to the integrity of coastal ecosystems (Vidal and others 1999) . Two key European policy instruments were introduced in the early 1990s to address the most significant pressures leading to eutrophication: the Nitrates Directive (ND, 91/676/EEC), which considers the agricultural contribution, and the Urban Waste Water Treatment Directive (UWWTD 91/271/EEC), which focuses on urban sewage discharges. However, implementation of these directives has met with varying degree of success: Point sources (UWWTD) are localized and are easier to monitor and control, while diffuse sources (ND) are much more difficult to regulate (Artioli and others 2008; Maier and others 2009) .
Phytoplankton is a priority item in different national and international water quality and eutrophication assessment policies, such as the National Estuarine Eutrophication Assessment (NEEA) Program (USA) (Whitall and others 2007) , the OSPAR convention (North-East Atlantic) (OSPAR 2003) , and the Water Framework Directive (WFD 2000/60/EC). The WFD clearly addresses the status of coastal and transitional waters (such as estuaries, rias, and coastal lagoons), integrating these within groundwater and inland surface water management. It bases its assessment on ecological quality status, requiring evidence of impact on biologic quality elements as well as supporting physicochemical data to confirm the likely cause of the impact (Maier and others 2009) . Biologic parameters include composition, biomass, and abundance of phytoplankton (WFD 2000/60/EC).
Although quality classification schemes for chlorophylla (chl-a) concentrations as a measure of phytoplankton biomass have been developed, the requirement of the WFD for an evaluation system based on the taxonomic composition of the phytoplankton community is more difficult to satisfy (Cartaxana and others 2009) . Furthermore, taxonomic composition is usually assessed by standard microscopy, and accurate species enumeration is laborious, costly, and the results can be inconsistent among different laboratories (Duarte and others 1990; Schlüter and others 2006) . As an alternative approach, the phytoplankton community can be categorized into functional groups on the basis of taxonomic specificity of pigments determined with high-performance liquid chromatography (HPLC) (Wright and others 1996) coupled with the CHEMTAX program (Mackey and others 1996) . However, this technique has been mainly addressed as a complement to standard microscopy techniques (Cartaxana and others 2009; Seoane and others 2011) . As Latasa (2007) observed ''Pigment specialists are confronted with the paradox of requiring information about the composition of phytoplankton in order to learn about the pigment composition of phytoplankton groups and, ultimately, the composition of phytoplankton.'' In order to overcome this problem, a procedure was suggested by Latasa (2007) and appraised by the authors involved in the development of CHEMTAX (H. Higgins and S. Wright pers. comm.) .
The objective of this study is to characterize the nutrient levels and the phytoplankton community in a coastal Mediterranean area that can be defined as nutrient sensitive. According to the UNEP/WHO (1999) definition, nutrient-sensitive areas are ''estuaries and coastal waters of natural or socio-economic value that are at higher risk to suffer negative impacts from human activities.'' In these areas, it is necessary to evaluate both the vulnerability of the system and the risk for environmental degradation (Angelidis and Kamizoulis 2005) . Vulnerability is determined by natural characteristics (for instance, semienclosed waters are more sensitive to pollution impacts), while risk is determined by human activities (Angelidis and Kamizoulis 2005) . In this study, three systems characterized by different hydrodynamic characteristics and a distinctive main nutrient source, linked to a specific human activity, are compared. The aim of this comparison is to prioritize environmental protection actions. This research was triggered by the recent urban development of the area and the projected enlargement of a commercial harbor that may modify both system risk and vulnerability.
Materials and Methods

Study Area
The study area (Fig. 1) is located in the southernmost sector of the Valencian Gulf (Western Mediterranean Sea) on the coast of the Safor County (Spain). Three important factors which determine whether a coastal area is a sensitive area according to Angelidis and Kamizoulis (2005) coincide here. These factors are (1) the presence of tourism as a major income generation activity; (2) the presence of important nutrient sources in the drainage basin: a submarine wastewater outfall, harbor facilities, and important agricultural runoff; and (3) a river mouth area with a low flushing rate, high water residence time, shallow mean depth, and low mean slope of the sea floor.
Tourism is one of the main economic activities in this area. In 2009, the Valencia region received 5.1 million international tourists and 3.1 million national tourists from other Spanish regions (IET-Spain's Tourism Statistics Centre 2010). Tourism development in the Safor County is mainly based on residential development (Mantecón and Huete 2007) and is based on a ''leisure and holiday'' product type labeled as a ''sun and beach'' product (Yepes and Medina 2005) . The average density in the coastal municipalities of the Safor county (from Gandia to Piles) is 963 inhabitants km -2 in winter (1,314 inhabitants km -2 in Gandia city) (INE 2009 (INE 2009) due to the coastal urbanization process, and many of these apartments are devoted to mass tourism.
The impact of mass tourism on the Spanish Mediterranean coast has been addressed by other authors (Vera and Ivars 2003; Yepes and Medina 2005) . It is important to highlight that one impact of the summer population increase is the seasonality of the wastewater flow, which is considerably higher during summer. The treatment plant of Gandia is designed to serve a population of 1,33,300 inhabitants and treat 46,350 m 3 day -1 of average flow from 17 municipalities of the Safor County. These municipalities have a population of 1,15,328 inhabitants in winter (INE 2009);  however, this population triples in summer as described above. The treatment plant is located Environmental Management (2013) 51:225-240 227 next to the Serpis river ( Fig. 1) and it discharges treated wastewater through a submarine wastewater outfall at an approximate distance of 1,900 m from the Serpis river mouth. In addition, the plant has two overflow channels that discharge directly to the river. The first overflow channel discharges next to the plant, mainly during torrential rain episodes because wastewater and pluvial waters are not separated. The other overflow channel discharges near the river mouth. In summer, discharges have been detected through this channel as consequence of the population and wastewater flow in excess of designed capacity. Another source of economic activity in the Safor County is the Gandia Harbor, which is a commercial, fishing, and recreational harbor. The main traffic in the harbor is paper reels and wood packages; other merchandise is wood pulp, rice, and mainly citrus fruits. The commercial area is 2,60,000 m 2 and it has an additional 70,000 m 2 of storage area with 32,000 m 2 of warehouses. It has a nautical club with a 21,000 m 2 dock with capacity for 400 sports boats. In 2009, the total traffic in the harbor was 2,51,000 tons (including fisheries and provisioning), mainly of imported products (APV 2009) . There is currently a project for enlarging the harbor in order to increase the capacity for commercial and recreational activities, including the construction of a new commercial dock (APV 2009; Decision 28734 BOE n°214, 6 September 2011) In Fig. 2 , the harbor as it is now and the projected enlargement can be observed.
Two rivers flow into the study area: at the northern end is the Xeraco river mouth, which is a small river, 16.6 km in length, and to the south, the Serpis river, which has a basin of 752.8 km 2 and is 74.5 km in length. These rivers have a Mediterranean regime characterized by a high seasonality with a dry period during summer and a wet period with episodes of torrential rain, mainly in autumn and spring (Hermosilla 2005) . While the Xeraco River outflows in a more open area, the Serpis river outflows on Venecia beach, on the southern side of the Gandia Harbor. Venecia beach is a system characterized by high vulnerability because it is a semi-enclosed bay (enclosed by the harbor and the river mouth) (Fig. 2) , with shallow water (depth \ 10 m) and a mean slope \ 1 %, which are parameters included in the Angelidis and Kamizoulis (2005) definition of marine systems' vulnerability. This area is exposed to sea and swell wave from the NE-SSE sector (clockwise) due to the coast configuration (APV 2011) . Northeast currents are dominant in the area, followed by southeast currents (NE 9.9 %, ENE 7.4 %, E 7.4 %, ESE 4.8 %, SE 4 %, and SSE 3.4 % global frequency for sea and swell wave) (CEDEX 1997; APV 2011) . The presence of the Gandia Harbor acts as a man-made barrier for water circulation when wind blows from the SE. In summer, dominant winds come from the NNE-SSE sector and vary from NNE (early morning) to SSE daily, creating a circular flow pattern, which increases the water residence time. This effect has also been observed with natural barriers (Cullera Cape) northerly in the Valencian Gulf (Sánchez-Arcilla and others 2007). The new commercial dock will increase the described barrier effect (Fig. 2) . Venecia beach gets flushed out when wind blows from the W direction; however, this component is more frequent during the wet season and presents its lowest frequency in summer.
The alluvial plain was totally occupied by the Safor wetland and crops until the seventies. Nowadays, this area shares its agricultural activity, mainly citrus fruits and vegetables, with the tourism of the urban areas. The Safor Wetland is a protected ecosystem, declared a site of community importance (SCI) under the Habitats Directive (92/ 43/EEC), as it is considered one of the best preserved wetlands in Spain. The wetland is drained by a network of artificial channels which outflow into the Gandia Harbor. Agricultural land use represents 48 % of the watershed. Due to continued agricultural practices, nitrate levels in the detritic aquifer have exceeded the limit of 50 mg L -1 established by the Nitrates Directive (Directive 91/676/ EEC) and it has been declared a Nitrate Vulnerable Zone. It is likely that the largest groundwater inputs of nutrients near shore waters will occur in regions of aquifer-bearing strata outcropping on the coast and within nitrate vulnerable zones (Maier and others 2009 ). In the study area, these conditions are found on Ahuir beach which is located at the end of Gandia's urban area and which receives discharge from the Plana Gandia-Denia detritic aquifer, quantified at 66 Hm 3 year -1 (2.1 m 3 s -1 ) (Ballesteros-Navarro 2003). According to the aquifer functioning, which is described in Sebastiá and others (2012) , higher water discharges are expected at the end of the wet period (spring) when the phreatic level is higher.
Sampling Design
Sampling was designed in order to characterize the systems receiving the major nutrient inputs along the coast. These systems were each characterized by a distinctive main nutrient source (groundwater discharge, river discharge, or submarine wastewater outfall discharge) and by different hydrodynamics (water residence time).
The first study area was Ahuir beach which receives groundwater discharges from the Plana de Gandia-Denia aquifer. Samples were taken in an orthogonal transect (Fig. 1 ). The first sample was collected in the surf zone (A), the second sample right behind the surf zone (A1), the next sample was collected 50 m from the coastline (A2), and subsequent samples were collected every 500 m along the transect (A3-A6). Samples were collected with Niskin bottles for each 5 m of water column depth and with a Van Dorn bottle 50 cm above the bottom. The maximum sampling depth was 18 m in A6.
The Serpis river mouth was selected as the second study area, which we call the Venecia area. Samples were collected as described below. Only one sample was collected in the Serpis river near its mouth. Four fixed sites were sampled, drawing a 200 m square around the mouth (V1-V4 plume contour stations, Fig. 1 ). Samples were collected with Niskin bottles near the surface at each fixed site and an extra sample was collected with a Van Dorn bottle 50 cm above the bottom in V3 (2.8 m depth) and V4 (2.1 m depth). Three variable sites (V5-V7) were sampled depending on wind and river plume directions. At these sites, water samples were collected at different depths in the water column (0.05, 0.10 and 0.75 m) using a superficial water sampler (SWAS) (Mösso and others 2008) because density-driven vertical stratification was expected.
The third study area was located around the submarine wastewater outfall outlet. Four fixed sites (O1-O4) ( Fig. 1) were sampled around the outlet within a 100 m approximate range. At these points, samples were collected with a Niskin bottle at 0.05, 5, 10, and 15 m. Three variable sites (O5-O7) were sampled depending on wind and submarine wastewater outfall plume directions; water samples were collected at different depths in the water column (0.05, 0.10, and 0.75 m) using the SWAS because a haline vertical stratification was expected.
Samples were taken in two hydrologic periods: the wet one in spring and the dry one in summer. Intensive samplings were performed in the study areas described above as close together in time as possible (within a week maximum): in July 2008, in April 2009, and in July 2009. Samples were separated into three subsamples for nutrient, pigment, and phytoplankton analysis. Water samples were kept in a cool box (4°C) and transported to the laboratory.
Laboratory Analysis
The following parameters were analyzed in all the samples: salinity; suspended solids (SS)-nitrate, nitrite, and ammonium; dissolved inorganic phosphorus (DIP); dissolved silicate (DSi); and phytoplankton pigments. Representative samples were microscopically screened to avoid missing taxa, following the recommendations of Higgins and others (2011) .
Dissolved inorganic nitrogen (DIN) was calculated as the sum of nitrate, nitrite, and ammonium. Salinity was determined by means of an induction conductivity meter Multi 340i/SET WTW, using the Practical Salinity Scale. Nutrients were analyzed colorimetrically using the method of Aminot and Chaussepied (1983) . Dissolved oxygen concentration was measured using the Winkler titration technique (Grasshoff 1983) .
Samples for phytoplankton pigment analysis were filtered on GF/F fiberglass filters (25-mm diameter). Pigments were extracted using acetone (100 %) and were measured using reverse-phase high-performance liquid chromatography (HPLC). The HPLC method employed was that proposed by Wright and others (1991) , slightly modified as per Hooker and others (2000) . The system was calibrated with external standards obtained commercially from the DHI Water and Environment Institute (Hørsholm, Denmark).
Phytoplankton samples were fixed with formaldehyde, concentrated according to UNE EN 15204:2006 , based on Environmental Management (2013 Utermohl (1985), and qualitatively examined under a LEICA DM IL inverted microscope.
Phytoplankton Composition and Abundance
Once the concentration of important photosynthetic pigments was determined, the phytoplankton community was studied using the CHEMTAX program (Mackey and others 1996) version 1.95 (S. Wright, pers. comm.) to obtain the contribution to total chl-a from the phytoplankton groups identified with microscopy.
To obtain reliable results, CHEMTAX should be applied to a dataset where pigment ratios within the different groups do not change (Latasa and others 2010) . In order to identify groups of samples with similar characteristics, a cluster analysis was performed using STATGRAPHICS 5.1 to group samples according to salinity and nutrients (DIN, DIP, and DSi). City block distances were calculated and samples clustered according to Ward's method. Pigment samples were separated into two subsets following the results of the cluster analysis: the first subset included marine samples and the second subset included freshwater samples with higher nutrient concentration. Freshwater samples include the Serpis river samples and samples from river plume stations (V5, V6, and V7) from a 0.05 to 0.10 m water column depth (only April 2009 and July 2009). CHEMTAX was applied independently to each subset (Latasa and others 2010) to obtain the contribution of eight phytoplankton groups to the chl-a stock: diatoms, dinoflagellates, euglenophytes, chlorophytes, cryptophytes, prymnesiophytes, prasinophytes, and cyanobacteria.
CHEMTAX was applied following the procedures described in Latasa and others (2010) and using the same parameters (elements varied = 10). The average of the last 6 ratio estimations was incorporated into the final pigment ratio matrix when a clear convergence was observed. In the absence of a clear convergence, the average of each pigment ratio was incorporated. This final matrix was then used to estimate the contribution of the different groups to chl-a stock. The output values are presented in Table 1 . Table 1 Output matrices of pigment to chl-a ratios obtained from CHEMTAX for the samples of both clusters A non-parametric one-way analysis of variance (KruskalWallis) was used to test differences in physico-chemical variables and phytoplankton composition and abundance between sampling areas and seasons. The Mann-Whitney test was used to identify the different groups.
After studying the phytoplankton data distribution in relation to the physico-chemical variables, the redundancy analysis (RDA) was selected from among the different multivariate ordination methods available (Ter Braak and Smilauer 2002) . Phytoplankton taxonomic groups were included in CANOCO 4.5 as dependent variables and physico-chemical variables were included as independent variables. The statistical significance of the relationships was evaluated using Monte Carlo permutation tests with a manual forward selection procedure, under 499 permutations (Seoane and others 2011) .
Results
Environmental Variables
Mean water temperature was 15.7°C in spring conditions (April 2009) and 27°C in summer conditions (July 2008 and July 2009) . Water temperature showed a longitudinal gradient decreasing from landward to seaward in all the sampling campaigns in the Ahuir study area due to increasing water column depth. The difference in temperature over the gradient was rather small, generally around 1°C. In the submarine wastewater outfall area, the difference between subsurface temperature and above bottom (approximately 20 m depth) temperature was 0.3°C in spring 2009 and nearly 1°C in both summers, so no thermal stratification was observed. In the Venecia area due to the shallow depth and the reduced size of the study area, water temperature differences were minimal.
In the Ahuir area, dissolved oxygen concentration ranged from 6.0 mg L -1 in July 2009 to 10.6 mg L -1 in April 2009, with higher values in spring near the shore (Table 2) . Salinity showed a longitudinal gradient that increased seaward in July 2008 (range 36.7-37.6) and April 2009 (range 36.6-37.4) ( Table 2 ). In July 2009, salinity was significantly higher than both July 2008 and April 2009 (P \ 0.01) and no gradient was observed. SS concentration was not significantly different between sampling seasons (P [ 0.05); average values were below 11 mg L -1 (Table 2 ) and its value decreased with increasing water column depth.
The Serpis flow, measured in the gauging stations Font En Carrós and Vernisa of the Júcar Hydrographic Confederation (CHJ), which are located approximately 10 km from the river mouth, was null during summer sampling, while in April 2009, it was 5.7 m 3 s -1 . Summer is the dry period in this Mediterranean area and total monthly precipitation was 31.8 mm in July 2008 and 41.2 mm in July 2009, while in April 2009 (spring), monthly precipitation was 156.6 mm. In spring, a precipitation event of 89.8 mm was registered 3 days before sampling in the Venecia area. Dissolved oxygen concentration was significantly higher in spring 2009 (P \ 0.01): Its values ranged between 6.9 and 9.6 mg L -1 (Table 2 ). This higher DO concentration was linked to the lower temperature values observed in spring. The lowest dissolved oxygen values were observed in summer 2009 (ranging from 5.9 to 7.1 mg L -1 ) when the Serpis river sample registered the minimum value of 3.1 mg L -1 (Table 2) . Salinity in the receiving waters did not show statistically significant differences between sampling seasons (P [ 0.05) given that salinity in the plume contour samples (V1-V4) was always above 30. However, salinity in the plume sampling stations (V5-V7) was lower in spring 2009 (under five in subsurface samples); while in July 2008, it was above 33, coinciding with a salinity measure in the river sample of 14.9. SS were significantly higher in July 2009 (P \ 0.01) and ranged from 9 to 27 mg L -1 , with higher values in the plume points (V5-V7).
In the submarine wastewater outfall area, the average dissolved oxygen concentration showed was significantly higher (P \ 0.01) in spring with an average value of 8.7 mg L -1 ( (Table 2) . Comparison of the three study areas revealed no significant difference (P [ 0.05) in the salinity, dissolved oxygen concentration, and SS between the Ahuir and the submarine wastewater outfall area. On the other hand, the Venecia area had significantly lower salinity (P \ 0.01) and dissolved oxygen concentration (P \ 0.01) and higher SS concentration (P \ 0.01).
Nutrients Concentration
In the Ahuir area, the DIN concentration ranged from 0.15 to 8.36 lM. The highest DIN values were observed in spring (P \ 0.01) and ranged from 3.24 to 8.36 lM (Table 3) . Nitrate was the most dominant nitrogen form in all sampling seasons. The DIP concentration was significantly higher in summer (P \ 0.01), with the highest values attained in July 2008 (ranging from 0.120 to 0.230 lM), while DIP values were below the analysis detection limit in spring (Table 3 ). The lowest DSi concentration was observed in July 2008 (P \ 0.01), and ranged from 0.70 to 2.30 lM, while the maximum DSi values were attained in spring 2009 with 9.41 lM (Table 3) .
In the Venecia area, nitrate was the most dominant nitrogen form in all sampling seasons, as was the case with the Ahuir area. Nitrate ranged from 2.17 to 50.83 lM, and DIN from 2.90 to 55.16 lM (Table 3) . In this area, no significant differences were observed in nitrate and DIN concentrations among sampling campaigns (P [ 0.05). However, ammonium concentration was significantly higher in July 2009 (P \ 0.05); median concentrations were 0.80, 0.30, and 1.75 lM in July 2008, April 2009, and July 2009, respectively. DIP concentration was significantly higher in July 2008 and ranged from 0.170 to 0.860 lM (Table 3) . DSi showed no significant differences among sampling campaigns (P [ 0.05).
In the submarine wastewater outfall area, nitrate was the most dominant nitrogen form in spring (average nitrate concentration was 6.88 lM and DIN was 7.08 lM) when DIN values were the highest (P \ 0.01). Ammonium concentration was significantly higher in July 2008 (P \ 0.01), when the DIN concentration was dominated by this ion (average ammonium concentration was 2.45 lM and average DIN was 4.32 lM). The lowest DIN and DIP (P \ 0.01) values were observed in July 2009. DSi concentration did not show any statistical difference among the sampling campaigns (P [ 0.05) and ranged from 1.07 to 19.20 lM (Table 3) .
When the three study areas were compared, Venecia area showed significantly higher concentrations of nitrate, nitrite, DIN, and DSi than the Ahuir and the submarine wastewater outfall areas (P \ 0.01 for all the variables). Venecia also showed the highest values for ammonium (P \ 0.01) and DIP concentrations (P \ 0.01), although in this case the submarine wastewater outfall area had higher values than the Ahuir area.
Nutrient Ratios
In order to better define potential nutrient control, nutrient ratios between DSi, DIN, and DIP concentrations were compared with Redfield ratios (DSi:DIN:DIP = 16:16:1) in Fig. 3 .
In the Ahuir area, the highest DIN:DIP and DSi:DIP ratios were observed in spring 2009 (P \ 0.01 for both variables), when average ratios were 11,812 and 7,823, respectively (Table 3) , and clearly indicated a primary potential deficiency of phosphorus. The DSi:DIN ratio ranged from 0.2 to 2.7 (Table 3 ) and in most of the sampling sites, it was below the Redfield ratio (1:1) (Fig. 3) . In summer, the lower DIN:DIP and DSi:DIP ratios, together with the higher DSi:DIN ratio, caused a change in the main potential-limiting nutrient. In summer 2008, nitrogen was the first potential-limiting nutrient at all the sampling sites, while in summer 2009, nitrogen was the first potentiallimiting nutrient only from A4 to A6 (all sampling depths) and phosphorus was the potential-limiting nutrient from A1 to A3 (Table 3 ; Fig. 3 ).
In the Venecia area, the highest DIN:DIP and the DSi:DIP ratios were measured in the 2009 sampling campaigns (P \ 0.01 for both variables). In July 2008, when these ratios were lower, DIN:DIP ranged from 7 to 145 (Table 3) and DSi:DIP ranged from 7 to 93 (Table 3) . Phosphorus was the first potential-limiting nutrient in all the sampling campaigns and sites, except for an isolated instance in July 2008 of a V3 subsurface sample, where the minimum of both ratios was attained (Fig. 3 ). The DSi:DIN ratio had significantly higher values in summer (P \ 0.01) than in spring; however, this ratio was always close to the Redfield one (Table 3 ). In the submarine wastewater outfall area, the three nutrient ratios reached their highest values in July 2009 (P \ 0.01 for the three ratios). While the DSi:DIP and DSi:DIN ratio showed no significant difference between July 2008 and April 2009, the DIN:DIP ratio was higher in April. Phosphorus was the first potential-limiting nutrient at all sampling sites and depths in July 2009 (Fig. 3) , while in the other sampling campaigns, the potential-limiting nutrient alternated between nitrogen, silicate, and phosphorus depending on the sampling site and water depth (Fig. 3) .
Among areas, no significant difference was observed in the DIN:DIP ratio (P [ 0.05). The DSi:DIN and the DSi:DIP ratios reached their highest values in the Ahuir area. While no difference was observed in the DSi:DIN ratio between the submarine wastewater outfall and the Venecia areas, significantly higher DSi:DIP ratio values were detected in the submarine wastewater outfall area.
Phytoplankton Abundance and Composition
The chl-a mean values and its main descriptive statistics are summarized in Table 2 . A comparison of the three areas studied showed that the Venecia area had the highest significant chl-a values (P \ 0.01), while the outfall area had the lowest values, which were mainly below 1 mg m -3 . In the three areas, the highest chl-a values were attained in spring (P \ 0.01). The samples taken in the , the chl-a value was similar to that measured in the receiving waters ( Table 2) .
The pigment ratio values of the final matrix used to estimate the contribution of the different groups to chl-a stock are presented in Table 1 . It is important to highlight that in the microscope screening of representative samples, two potentially bloom-forming dinoflagellates were detected in both summers in the Venecia area: Alexandrium sp. and Dinophysis caudata. In Fig. 4 , the spatial and seasonal average contribution of each phytoplankton group to total chl-a is represented as estimated with CHEMTAX. In this figure, dinoflagellates, cryptophytes, prasinophytes, chlorophytes, and euglenophytes were grouped as flagellates (prymnesiophytes, which also comprise non-flagellate organisms, were represented separately).
In spring 2009, diatoms were the dominant group with a percentage of total chl-a higher than 50 % in the three studied areas (Fig. 4) ; no significant abundance difference was observed among the areas (P [ 0.05). Flagellates were the second main group, and their contribution to total chl-a was nearly one third at the outfall and Ahuir areas, and nearly one half at Venecia (Fig. 4) . Flagellate abundance showed no significant difference among areas (P [ 0.05), but chlorophytes were more abundant in the Venecia area (P \ 0.01). The contribution of prymnesiophytes to total chl-a was around 10 % in the three areas (Fig. 4) (no significant abundance differences were detected, P [ 0.05). The contribution of cyanobacteria was the lowest with approximately 2 % of total chl-a (Fig. 4) .
In the summer sampling campaigns, cyanobacteria abundance significantly increased (P \ 0.01) in the three areas (Fig. 4) . In July 2008, the highest cyanobacteria contribution was found in the submarine wastewater outfall area (P \ 0.01), where this group was the second main group (36 % of total chl-a) after flagellates (44 %) (Fig. 4) . In July 2009, no significant cyanobacteria abundance difference was observed among areas (P [ 0.05). Diatom abundance was significantly lower than that observed in spring in the submarine wastewater outfall area in both summer campaigns (P \ 0.01). In July 2008, the lowest diatom contribution was observed in this area (P \ 0.01). In the Ahuir area, the summer diatom decrease was only significant in July 2009 (P \ 0.01), while in the Venecia area, the summer decrease, though observable, was not significant (P [ 0.05) (Fig. 4) . In the Ahuir area, a significant increase in flagellate contribution was observed (64 % of total chl-a) in July 2009, mainly due to an increase in prasinophytes. Due to this increase, these groups' abundance was significantly higher than that observed at Venecia and the outfall areas (P \ 0.01).
The results of the RDA are displayed in Fig. 5 . For a more detailed interpretation of the triplots, see Ter Braak (1994) . The RDA analysis was performed with the HPLC-CHEMTAX data in terms of chl-a biomass. The RDA retained six variables: salinity, ammonium, nitrate, DIP, DSi, and DIN:DIP ratio. These variables together explained 31 % of the variance in the phytoplankton composition.
The phytoplankton groups were classified according to their association with the environmental variables. The arrow length indicates the goodness of fit of each group's biomass to the displayed ordination, and acute angles between two vectors indicate a high positive correlation. In general, the phytoplankton groups can be divided into two main groups, depending on their response to a gradient related with nutrient concentration (Axis 1) or a gradient related with salinity (Axis 2) (Fig. 5) . In the first group, diatom biomass was higher in waters with a high nitrate concentration and high DIN:DIP ratio, while the biomass Fig. 4 Relative contribution of each phytoplankton group as estimated with CHEMTAX. The average value for each study area and sampling campaign is represented. Dinoflagellates, cryptophytes, prasinophytes, chlorophytes, and euglenophytes were grouped as flagellates of cyanobacteria, prasinophyte, and to a minor extent prymnesiophyte was higher in low nitrate concentration and low DIN:DIP ratio. In the second group, the biomass of euglenophyte and chlorophyte was higher in low salinity, while the biomass of cryptophyte and dinoflagellate was higher at high salinity. In addition, the biomass of euglenophytes and chlorophytes was strongly correlated with a high ammonium concentration, while the biomass of cryptophyte and dinoflagellate was strongly correlated with low silica concentration. Samples taken from the Serpis river and river plume (Venecia area) reflected the salinity gradient in the spring and summer 2009 sampling campaigns; this gradient was more pronounced in spring (Fig. 5 black triangles) . In general, the stations sampled in spring were clearly different from the stations sampled in summer: Summer samples (Fig. 5 , white symbols year 2008 and gray symbols year 2009) were associated with lower nutrient concentration and spring samples (Fig. 5 , black symbols) with higher concentration.
Discussion
Higher salinity values were expected in the Ahuir and the Venecia areas in the summer sampling campaigns due to reduced groundwater and river discharge, respectively, during the dry period (Sebastiá and others 2012) . In this area, summer groundwater discharge is also reduced because the summer population increase makes it necessary to increase pumping from the aquifer to supply drinking water from the aquifer wells. In addition, the aquifer provides freshwater for the citrus crops in the area which need at least two waterings during summer. In the Ahuir, salinity was significantly higher in July 2009. Analysis of all the sampling points in the receiving waters revealed no significant salinity differences among seasons at Venecia, but salinity at the Serpis river plume sampling points was lower in spring.
In contrast, the submarine wastewater outfall discharges are lower from autumn to spring and higher in summer, when the tourist population increases and thus the wastewater needs treatment. In summer, the higher flow of wastewater makes it necessary sometimes to discharge partially through the overflow channel located near the river mouth. A wastewater discharge through the overflow channel could explain the low salinity value, 1.3, measured in the Serpis river sample in July 2009 (Table 2 ) and the plume samples classified into a freshwater cluster (Table 1) when river flow was null at the CHJ gauging stations, which are located 10 km from the river mouth. The lower dissolved oxygen concentration and the higher SS measured in the receiving waters reinforce this hypothesis. In addition, significantly higher salinity values were observed in the submarine wastewater outfall area in this sampling campaign, thus indicating a reduced discharge.
The dominant nitrogen forms followed the expected spatial and seasonal pattern. In the Ahuir and Venecia areas, nitrate was the most dominant form due to agriculture runoff (both groundwater and surface runoff). At the submarine wastewater outfall, a major ammonium contribution was expected in the summer campaigns when the flow was greater due to the population increase. However, this major ammonium contribution was observed only in July 2008. A wastewater release through the overflow channel directly into the Serpis river in July 2009, and then a lower flow in the outfall outlet, could explain the nitrate dominance in this sampling campaign. In fact, samples from the Serpis river and river plume followed the ammonium gradient in this campaign (Fig. 5 , gray triangles).
When the three areas were compared, the lowest salinity values, the highest nutrient concentrations (ammonium, DIN, DSi, and DIP), and the highest chl-a concentration were observed in the Venecia area. In this area, seasonal variations were minimal. Despite the reduced summer discharges of the Serpis river, no significant differences were observed in the DIN and DSi concentrations between seasons, while the ammonium concentration was higher in July 2009 (both in the Serpis river and in the Venecia area). This was attributed partially to the sporadic releases of wastewater through the described overflow channel in the dry periods, which is an additional silica and nitrogen source. In addition, the high residence time of this semienclosed bay leads to higher nutrient accumulation and to greater exchanges with the sediment interface given the shallow water column depth (\5 m). Silica dissolution at the sediment-water interface could be efficient during summer due to high temperatures and higher bacterial abundance, which has been pointed out as the cause of high silica levels in similar areas (Glé and others 2008; Garmendia and others 2010) . In this area, phosphorus was always the potential-limiting nutrient, and phytoplankton composition and abundance have not shown any significant seasonal difference (except for the summer cyanobacteria increase and a minor chlorophyte contribution in July 2009).
In the Ahuir area, DIN and DSi concentrations were the highest in April 2009 due to higher groundwater discharge, which is rich in both nitrates and silicates. A seasonal variation in the potential-limiting nutrient was observed also: Phosphorus was potentially limiting in spring, while a nitrogen potential limitation was found in summer. This summer nitrogen deficiency, which is linked to the decrease of freshwater inputs, has been observed in other coastal areas and has been attributed also to autotroph consumption (Glé and others 2008) . The highest DSi:DIN and DSi:DIP ratios were found in this area; so, despite the summer silica depletion, silica was not the potential-limiting nutrient. In this area, ammonium and DIP concentrations were lower than in the Venecia and the submarine wastewater outfall areas; no direct wastewater discharge was found in the Ahuir, while the other areas received wastewater discharges, rich in both nutrients.
In the submarine wastewater outfall area (located 1.9 km from the coastline and 17.5 m water column depth), the dilution of treated wastewater with marine water results in phosphorus limitation, given that phosphorus has been identified as the most important limiting nutrient in the Mediterranean (Estrada 1996; Olivos and others 2002) .
Previous research conducted further north in the Balearic sea coastal area (NW Mediterranean) focused on the spatial gradient of nutrients and chl-a in relation to their distance from the land (sample stations were grouped into coastal field, middle field, and far field) (Olivos and others 2002) . Using the Olivos and others (2002) sampling point classification, our three study areas fall into the coastal field (approximately within the first 2 km from the coast). Average chl-a concentration in the 3 areas falls into the range observed by Olivos and others (2002) in the coastal field. Olivos and others (2002) highlighted the silicate limitation in more than 50 % of the cases and explained it in terms of the excess of N and P overshadowing the Si abundance. In contrast, in our study area, Si-limited conditions were scarce and that allowed the persistence of the diatom population at high levels even in summer. The Safor wetland location over the detritic aquifer can explain the high silica groundwater discharges in our study area. Wetland species of Gramineae are characterized by high silica content (typically 10-15 % dry shoot weight); this biogenic silica, after decomposition of organic material, remains in the soil and it is lixiviated to the aquifer (Conley 2002) . Even if the natural vegetation surface has decreased in the last decades, it still remains an important soil use (Sebastiá and others 2012) . Thus, biogenic silica is an important element in the terrestrial biogeochemical cycle that must be considered in addition to the chemical weathering of land silicates.
The spatial gradient observed in phytoplankton biomass (total chl-a) both in spring and summer can be explained by the different factors controlling the dynamics of different phytoplankton groups, mainly nutrient availability and water exchange. In the Venecia area, the continued nutrient inputs and the reduced water exchange (high water residence time) explained the higher biomass, while in the submarine wastewater outfall area, despite the nutrient inputs, the dilution with low phosphorus marine waters determined the lowest chl-a values.
In the Ahuir and the submarine wastewater outfall areas, phytoplankton abundance and composition showed the typical seasonal cycle observed in other coastal areas. A shift from diatom-dominated communities and maximum phytoplankton biomass (total chl-a) in spring to flagellatedominated communities and minimum biomass in summer was observed (Garmendia and others 2010) . This can be observed in the RDA analysis where the stations sampled in spring (Fig. 5 , black circles and squares) produced clearly different results from the stations sampled in summer (Fig. 5, white and gray circles and squares) . Diatoms are recognized as the most opportunistic species as far as taking advantage of nutrient availability is concerned (Fogg 1991) . In this study, diatoms showed a significant positive correlation with nitrate, phosphorus and silica concentrations, and DIN:DIP ratio, and their abundance was higher when these conditions prevailed (RDA, Fig. 5 ). The biomass correlation of cyanobacteria, prasinophyte, and to a minor extent prymnesiophyte with low nitrate concentration and low DIN:DIP ratio (RDA, Fig. 5 ) has been linked to more oligotrophic conditions that mainly happen in summer (dry period) in this area (Sebastiá and others 2012; Sebastiá and others unpublished results) .
In the Venecia area, flow and salinity play a significant role in regulating phytoplankton communities, as it happens in other estuarine areas (Chan and Hamilton 2001) . In the RDA analysis (Fig. 5) , two situations can be observed that reflect freshwater inputs: (1) samples taken in April 2009 (black triangles) are linked to higher freshwater discharge after a rain episode with high silica concentration and (2) samples taken in July 2009 (gray triangles) are linked to a wastewater release with high ammonium concentration. In these samples, the biomass of both euglenophyte and chlorophyte was higher. Chlorophytes are restricted to freshwater conditions (Chan and Hamilton 2001) . A shorter time scale study (fortnightly) was conducted from May 2008 to August 2009 in this area (Sebastiá and others unpublished results), which revealed that the diatom relative abundance did not show the typical seasonal cycle of maximum abundances in spring and minimum abundances in summer. The key factor supporting high diatom abundance even in summer seems to be the continuous availability of silica, together with the optimal light and temperature conditions. This has also been observed in other estuarine areas such as the Oka estuary (Bay of Biscay, Northern Spain) (Garmendia and others 2010) , which receive wastewater discharges from a treatment plant. However, just after wastewater inputs, the flagellate abundance increases and replaces the diatom population, which explains the lowest diatom abundance observed in July 2009 according to the Kruskal-Wallis test.
Dinoflagellates were a minor group in terms of relative abundance and total biomass in the three studied areas.
Environmental Management (2013) 51:225-240 237 However, their importance should not be disregarded since the dinoflagellates identified in the microscope analysis, Alexandrium sp. and D. caudata, are potentially paralytic shellfish-poisoning and diarrheic shellfish-poisoning producers, respectively (Vila and others 2001) . In addition, potentially toxic diatoms of the genus Pseudo-nitzschia, which synthesizes the ASP toxin, have been recorded inside the harbor (Sebastiá and others 2012) . Blooms of this genus have also been observed northerly in the western Mediterranean (Vila and others 2001) . In the Mediterranean Sea, HABs are a widespread problem and the proliferation of these harmful dinoflagellates (Alexandrium sp. and Dinophysis sp.) has been related with conditions of low turbulence and flushing rates (Vila and others 2001; CIESM 2010) . Semi-enclosed gulfs and bays, such as the Venecia area, near important harbors and big cities are at a higher risk of suffering HABs (EEA 1999; Vila and others 2001) . In this sense, the construction of new harbors or the enlargement of existing ones may affect coastal hydrodynamics and then enhance these conditions (CIESM 2010) .
In this study, we found that at the Ahuir and the submarine wastewater outfall areas, the effects of freshwater inputs (groundwater and wastewater discharge, respectively) were reduced due to a greater water exchange with the oligotrophic Mediterranean waters. On the other hand, the highest nutrient and chl-a concentrations were observed in the Venecia area, which is a semi-enclosed area. This agrees with the observations of Flo and others (2011) for the north-western Mediterranean Sea. They highlighted that the dominance of urban land and the presence of river inflows are the primary sources of coastal inshore waters' (CIW, 200 m from the shoreline) variability; but, their impact on coastal nearshore waters (200-1,500 m from the shoreline, such as the Ahuir area) or coastal offshore waters ([1,500 m, such as the submarine wastewater outfall area) is minimal. In CIW, nutrient enrichment and eutrophication risk are higher in enclosed or semi-enclosed areas (Flo and others 2011) , such as the Venecia area in this study.
Harbors can create semi-enclosed areas partially due to the alteration of coastal morphology and water currents. This alteration has been pointed out as one potential environmental impact of harbors (Gupta and others 2005; Peris-Mora and others 2005; Darbra and others 2009). Sea floor alteration has been selected as the only indicator for monitoring this impact in some environmental management plans (EMP) (Peris-Mora and others 2005), while others include water quality parameters such as chl-a concentration, phytoplankton biomass, and ratio of diatom/ dinoflagellates (Xu and others 2004) . It was stated by Sebastiá and others (2012) that chl-a levels and phytoplankton composition typical of eutrophicated areas, together with bloom forming species, were mainly restricted to the Gandia Harbor area. In that study, just one point was monitored outside the Gandia Harbor and it was located in an open area. However, the results of this study show that the Venecia area, which is affected by the harbor's alteration of coastal morphology, is prone to suffer eutrophication problems (e.g., detection of harmful dinoflagellates). We suggest that monitoring of the abovementioned water quality parameters should be included in harbors' EMP. In that case, the choice of the monitoring point's location should be a key issue and adjacent confined areas should be included. The research of Vila and others (2001) reinforces this statement as they observed that ''the monitoring of confined waters could be used as an early warning system for detection of algal blooms.'' The use of HPLC analysis and CHEMTAX could be used to monitor chl-a concentration, phytoplankton biomass, and phytoplankton composition (Seoane and others 2011) . Though CHEMTAX cannot characterize species composition, it makes possible detecting changes in the relative composition of phytoplankton groups (e.g., a decrease in the ratio of diatom/dinoflagellates) that indicate a deterioration of water quality (Seoane and others 2011; Xu and others 2004) . In addition, the screening of representative samples (Higgins and others 2011) with more specific analysis such as inverted microscopy will detect the presence of HABs species.
According to the Water Framework Directive monitoring program, the Gandia Harbor has been classified as a heavily modified water body and it will be studied as an individual case of study. However, the Venecia area is part of a bigger coastal water body, which goes from the Gandia Harbor to the San Antonio Cape (MARM 2009). As Flo and others (2011) stated, it is important that monitoring programs avoid overlooking environmental problems in localized areas. So, we suggest that the Venecia area classification should be revised as it could be classified as a transitional water body like other similar systems in this Mediterranean coast (e.g., Júcar river mouth, Cullera Estany (MARM 2009)).
Conclusions
In this study, the nutrient levels and the phytoplankton community of three Mediterranean coastal systems, characterized by distinctive main nutrient sources, have been compared. The results showed that the highest levels of nutrient concentration and phytoplankton biomass were measured in the Venecia area, which is a semi-enclosed area. In this area, potentially toxic dinoflagellates were detected, even though the abundance was minor. Two factors coincide in this area that may trigger dinoflagellate blooms: (1) the harbor enlargement will increase the vulnerability of this system and may provide the proper conditions of confinement and (2) the wastewater discharges through the overflow channel to the Serpis river will continue supplying phosphorus. Management measures should first target phosphorus inputs as this is the most potentially limiting nutrient in the Venecia area and it comes from a point source that is easier to control.
Our recommendation is that for successful integrated management, local problems should be taken into account in regional monitoring programs. This is especially important in the Mediterranean Sea and in seas with similar characteristics (e.g., low tidal ranges) (EEA 1999; Flo and others 2011) . More specifically, harbor EMPs should include regular monitoring of water quality in adjacent waters to identify adverse phytoplankton community changes. The use of HPLC analysis and CHEMTAX could help to do so at a reasonable cost.
